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Intr oduction



Chapterl. Introduction




Chapter 2

Generaldescription of the 61D-D Beamline

This sectiongivesa generaldescriptionof the 61D-D Side Stationandits features.In Section2.2 all
motorsusedatthe sidestatioraredescribedln Section2.5somegenerakafetyprecausiongrelisted.

2.1 BeamConditions

The 61D-D Side Stationis a beamlinewhich usesthe white beamof anundulatorA insertiondevice.
The opticsfor both, the 61D-B Main Stationand 6ID-D Side Stationare installedin the 6ID-A and
61D-A extensionhutches.Firstthe monochromatoof the 61D-B Main Station,a Kohzudoublecrystal
monochromatowith silicon (111) crystalsusesthe low enegy portion of the beamin the rangeof 3-
30 keV. The monochromatiddeamof the 6ID-B Main Stationis 25 mm higherthanthe white beam.
Directly afterthe Kohzumonochromatothefirst monochromatochamberof the 6I1D-D Side Stationis
installed. A white beammaskis usedto reducethe beamto a sizeof 2 x 4 mm?. Next thelow enegy
x-raysarecutoff by differentcombinationof filters:

e 1ImmC & 1mmAl: for enegiesabore 30 keV

e ImmC& 1mmAl & 1mmCu: for enegiesabove 60 keV

Thesidestatiorusesa Braggdoublemonochromatoin horizontalgeometry Themonochromatidoeam
hasadistanceof 600 mm from thewhite beam.As monochromatocrystalannealedilicon crystalsare
used.Threedifferentcutshasbeenchoserto cover anenegy rangefrom 30 keV to 130 keV:

e Silllannealed28—-54keV
e Si31lannealed53—-103keV

e Si33lannealed69—-136keV
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Both beamlinesthe61D-B Main Stationandthe61D-D SideStation,canoperatesimultaniouslyexper
imentsat the 61D-B Main Stationare carriedout at the 6ID-B and61D-C hutchesexperimentsat the
61D-D Side Stationin the 61D-D hutch. Both beamlineshave their own monochromatideamshutters.
If bothbeamlinesareoperatedhtthe sametime the positionof theundulatorgapis critical. As is shavn
in figure 2.1theintensityof the primarybeamatthe 6ID-D Side Stationdecayswith wider openingsof
theundulatorgap.

Intensity [c/s]

1x10M &
1x10%° |
1x10° |

1x108 |

1x10’ ‘ ‘
11 15 17 19

Undulator Gap [mm]

Figure2.1: Scanof the undulatorgap. The integral intensity of the monochromatidbeamat92 keV is
shawvn. At this high enegiesthe undulatorbehaeslike anwiggler andnearlyno structureis seenfor
closedgap. If thegapis fairly wide opensomestructures seendueto higherharmonics.

Eventhoughthedistancebetweerthefirstandsecondnonochromatocrystalarequitelargethe 61D-D
SideStationrunsvery stableasis shavn in figure2.2.

A drawing andpicturesof thesidestatiorcanbe foundonthewebserer of the 61D-D SideStation.

2.2 Motors

This sectionis intendedto give an overvien aboutwhich motorsare available at the sidestation. In
table2.2 all motorsarelistedwith a shortdescriptionof therepurpose For troubleshootingn table2.3
the actualmotorparameterarelisted. If onemotoris not working asit is supposedo be compareits
parameterso theonein thistable.
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Figure 2.2: Stability of the monochromaticbeamat the 6I1D-D Side Station. The intensity of time
comparedo thering currentis shavn. Top nearlyperfectstability is shavn but alsoin the bottomplot
the beamlineis quite stable. Regularily performedadjustmentgevery one to two hours)of the first
monochromatofmotormomu)or a monochromatostabilizercould easilysolv the problem.

The motor rackswith number0 and1 are mountedin the 61D-A extension. All motor driversfor the
opticsof the61D-D SideStationaremountedn thosetwo racks.Bothmonochromatocrystalsincluding
the crystalchangersarefully motorisedsono accesgo the 61D-A or 61D-A extensionhutchshouldbe
necessarguringoperationof thebeamline.

The motor driversof theracks2 to 6 aremountedinsidethe 61D-D hutch. Directly behindthe beam
entranceis a motorizedtable (motorsxm andym) with a vertical and horizontaltranslation. On this
tableslitsystemsl and2 (motorssllt, sllb,slll, slir, sI2t, sI2b, sl2] andsl2r), collimatorsanda filter
bankaremountedo definetheincomingbeam.For a descriptionof thefilter bankseesection2.3.1.

On the fully motorisedsy diffractometersampleenvironmentscan be mountedeitherin an eulerian
cradleor on a doubletilt. In the setupwith a euleriancradle horizontaland vertical 4 motorsare
available(om_vandom_h)andfor the ¢ andyx rotation(chi andphi). In the setupwith the doubletilt

the samemotorsaswith the euleriancradleare available but the movementof ¢ andy is restrictedto
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+10 deggree.In additiona z translationis mountedbelon the doubletilt andax andy translationabove

(motorszs, xs andys). In additionthe whole diffractometercanbe moved horizontallyand vertically

(motorsxd andyd). Thosemotorsarevery slow anddriven by SPD-3Msteppingmotordrivers. These
motordriverscreatealot of electronicnoisewhichis disturbingthedetectorsignalsothey arenormally
switchedof oncealigned.

Onthe diffractometetthreeslit systemsare mounted(motorssi3t, sI3b, sl3l, sl3r, sl4t, sl4b, sl4l, sl4r,
sI5t, sI5b, sI51 andsl5r). Slit sytstem3 is mountedin front of the analyser slit system4 behindthe
analysendslit systemb in front of thedetector

This ¢ diffractometerwas exspeciallyadaptedo the needsof a high enegy beamline. The distance
betweensampleandanalysercanbe aslarge as900 mm and betweenanalyserand detectorbetween
300 mmand600 mm, dependingon the setup.This wasdoneby usingtranslationsnsteadof a rotation
to simulatethe detectorarm. This way even heary detectors,analyserand filter equipmentcan be
mounted.The analyseiis alsofully motorisedandoffers 24, 4, x and¢ movementgmotorstta, oma,
chiaandphis). Thefilters aredescribedn section2.3.1. To simulatethe 2¢ movementof the vertical
detectorarma vertical and horizontaltranslation(motorstt_v andtt_h)is usedon which the analyser
rotationsare mounted. The horizontalrotationis donein the corventionalway (motortt_h). To give
userghepossibilityto operatehis diffractometeaseasyasa corventionaldiffractometewirtual motors
(tth andth) have beenimplementedvhich simulatethe 4 and29% movementsseetable2.1. In caseof
horizontalgeometrythosevirtual motorsareidenticalto the realmotorsthoughtth is driving tt_h plus
motor sI3_rotandth is driving om_h. In caseof vertical geometryth is driving om_v. But the virtual
motortth is driving themotorstt_h,tt_v, tta, omaandslI3_rot. All the movementshave to be calculated
with respecto the 2 valueandthe usedor not usedanalysercrystal. This is doneautomaticallyby the
specmacrohp_motor_6idd.madn section4.11.7the setupof thesemacross described.

‘ No ‘ name ‘ units ‘ description

1 |tth degree| Virtual 2¢¢ motordifractometer
2 |th degree | virtual ¢ motordiffractometer
3 | dummy dummymotor, nothingis moved

Table2.1: List of the available virtual motors. Thesemotorsare simulatedby specprogramsandare
notavailableunderepics.

2.3 Specialequipment

In this sectionsomeof the specialequipementvhich wasbuild for the 61D-D SideStationis described.
Dueto thefactthatsomethingswerestill in work whenthis manualwaswritten not everythingin here
mightwork asdescribedr mightnotbe available.
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2.3.1 Filter banks

Thereare 2 filter bankswith 15 filters eachavailable to reducethe intensitieseitherin front of the
sampleor in front of the detector Both filter bankscan be loadedwith iron or aluminumfilters with
a thicknessof 3 mm each. Therearetwo of the iron and one aluminumfilter banksavailable which
canbe exchangedvery easilywithin a few minutes. Both filterbanksare controlledby compresseair
regulatorswhich arecontrolledby a0 to 10 V signalfrom thedigital analogcorverter(DAC). The DAC
canbe operatedhroughthe macrohp_dac.maaescribedn section4.11.9. The filters are operated
by the macrohp_dac.madescribedn section4.11.10. The macrosalsoprovide an automaticabsolut
calibrationfor thefilters.

2.3.2 Detectorsystems

Therearefour differentdetectorsystemsavailable at the sidestation.Photodiodesare mainly usedas
monitorsystems.They arenormally connectedo currentampliefiers.The currentamplifiersdeliversa
signalin therangefrom 0 to 10 volt with is thencornvertedby a volt to frequeng corverter(VFC) into
afrequeng with theregularcounterscanhandle.

As a secondsystemtwo Bicron Nal detectordgncluding amplifiers,singlechannelanalysersand high
voltagesuppliesareavailable. Thesedetectorsareequippedvith 10 mm thick crystalsin contrasto the
standartl mm crystalto be ableto absorbmostof the high enegy photons.Warning! This detectorcan
notwithstandhigh countrateandwill getdamagedf for examplehit by thedirectnot attanuatedbeam.
Make surethatnotto muchintensityis gettinginto the detector

As a third systema CanberraGermaniumDetectoris available. This systemis working togetherwith
a digital signalprocessofDSP)anda high voltagepower supply both are completelycomputercon-
trolled througha CanberraAlM. To operatedheseelectronicsspecia MEDM windows are available.
The detectorcanbe accessethrough specwith the help of the macropackagehp _mca.maevhich is
describedn section4.11.8.

As afourth systemanimageplatesystemis available. Thisis describedn detailin chapter6.

2.4 Sampleernvironments

For the sidestatiorseveral sampleenvironmentswill be availablein the nearfuture including a closed
cyclewith aluminiumwindows, anOrangdiquid heliumflow cryostatwith aluminiumwindows, anOr-
angeliquid heliumflow cryostatwith superconductingoilswith magnetidieldsupto 5 T andberyllium
windows andafurnace.
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2.5 Saftey
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No | spec epics units home | description

1 monu ml _om | degree 4 first monochromatocrystal

2 ml chi | ml chi | degree x first monochromatocrystal

3 ml _phi | m1_phi | degree ¢ first monochromatocrystal

4 ml xtal | ml xtal | mm crystalchangeffirst monochromator

5 ml y ml y mm verticalmovemenffirst monochromatochamber
6 ml x ml x mm horizontalmovementfirst monochromatochamber
7 filter filter mm HomR | filter changeffor the white beam

9 mond m2_om | degree 1 secondnonochromatocrystal

m2 _chi | m2 chi | degree
m2_phi | m2 phi | degree
12 | m2 xtal | m2_ xtal | mm
13 | montray | m1 z mm

x secondnonochromatocrystal

¢ secondnonochromatocrystal
crystalchangeisecondnonochromator
HomF | translationof secondnonochromatochamber

(e
o

17 | xd xd mm horizontalmovementof the diffractometer
18 | yd yd mm verticalmovementof the diffractometer
19 | om v om_v degree HomF | vertical¥ diffractometer

20 | chi chi deggree x diffractometer

21 | phi phi dggree HomF | ¢ diffractometer

22 | om h om_h degree HomF | horizontald diffractometer

23 | xs XS mm horizontaltranslationbelon doubletilt

24 | zs zs mm translationin beamdirectionbelowv doubletilt
25 | ys ys mm verticaltranslationbelow doubletilt

26 [ tt h tt_h degree HomF | horizontal24 diffractometer

27 [ty tt y mm verticalmovement2d diffractometer

28 | tt z tt z mm horizontalmovement24 diffractometer
29 | oma oma degree HomF | 4 analyser

30 | chia chia deggree
31 | phia phia deggree

HomF | x analyser
HomF | ¢ analyser

oo IDIBRMIBRBRIPAOWWOWWWWWWWWWININININDNIDNINININ|IP(P|P|IPIPOIOO|IO|IOC|IO|O
N[OOI WINFRPIOINO|OMA|WIROINO|OAR|WINIRPIOINOOARWINIRPIONO|IOIAWINIRPIO|IRWINIR|IOOOIA[WIN|FL|O|W

32 | tta tta degree HomF | 24 analyser

33 | slit sll t mm first slit systemin the hutch

34 | slib sll b mm first slit systemin the hutch

35 | sl sll | mm first slit systemin the hutch

36 | slir sl r mm first slit systemin the hutch

37 | sl2t sl2_t mm slit systemin front of thesample
38 | sl2b sl2_b mm slit systemin front of thesample
39 | si2l sl2 | mm slit systemin front of the sample
40 | sl2r sl2 r mm slit systemin front of the sample
41 | xm Xm mm horizontalmovementof yellow table
42 | ym ym mm verticalmovementof yellow table
44 | sI3 rot | sI3 rot | degree rotatesheslitsystem3

45 | sl3t sI3 t mm slit systemin front of theanalyser
46 | sl3b sl3 b mm slit systemin front of theanalyser
47 | sl3l sI3 | mm slit systemin front of theanalyser
48 | slI3r sI3_r mm slit systemin front of theanalyser
49 | sl4at sl4 t mm slit systembehindtheanalyser
50 | sl4b sl4 b mm slit systembehindtheanalyser
51 | sl sl4 | mm slit systembehindtheanalyser
52 | sl4r sl4 r mm slit systembehindtheanalyser
53 | sl5t sI5 t mm slit systemin front of the detector
54 | sl5b si5 b mm slit systemin front of the detector
55 | sl5l si5 | mm slit systemin front of the detector
56 | sl5r sI5_r mm slit systemin front of the detector

Table2.2: Table of all motorsimplementedat the 61D-D Side Station. First column containsmotor
numbey seconadthe specmotor name,third the epicsmotor name,fourth the units, fifth andsixth the
crateand slot wherethe driver is placed,sesenththe directionin which the homeposition hasto be
accessedf implementedandthereis a descriptiorof the function of the motorin the eighthcolumn.
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No | DESC EGU [ c [ DR [ VELO VBAS ACCL | BDST | BVEL BACC | MRES PREC | DHLM DLLM SREV [ s [ SeaK [ sBas UREV
1 m1_om degrees | O | Pos | 1 0.1 0.2 0.01 1 0.2 5e-05 5 75 0 2000 10 | 10 1 0.1
2 m1_chi degrees | 0 Pos 4 0.4 0.2 0.1 4 0.2 0.0025 5 3 -5.0125 400 4 4 0.4 1
3 m1_phi degrees | 0 | Pos | 4 0.4 0.2 0.1 4 0.2 0.0025 5 2 ) 400 4 4 0.4 1
4 mi_xtal | mm 0 | Pos | 2 1 0.2 0 2 0.2 0.005 5 199.35 | 0 400 1 1 0.5 2
5 ml_y mm 0 | Pos | 0.15625 | 0.0046875 | 0.4 0 0.15625 | 0.4 3.90625e-05| 5 8.3 2.3 400 10 | 10 0.3 0.01562!
6 m1_x mm 0 | Pos | 1.2 0.5 0.5 0 1.2 0.5 0.005 5 5.17 -5.105 400 06 | 06 0.25 2
7 filter mm 0 [ Pos | 5 0.5 0.4 0 25 0.4 0.000625 5 80 7 400 20 | 10 2 0.25
8 motor8 degrees | 0 | Pos | 1 0.1 0.2 0 0.5 0.2 0.00025 5 100 -100 200 20 | 10 2 0.05
9 m2_om degrees | 1 | Pos | 1 0.1 0.2 0.01 1 0.2 5e-05 5 8.9961 | -0.0039 2000 10 | 10 1 0.1
10 | m2_chi degrees | 1 | Pos | 4 0.4 0.2 0.1 4 0.2 0.0025 5 4 -4 400 4 4 0.4 1
11 | m2_phi degrees | 1 | Pos | 4 0.4 0.2 0.1 4 0.2 0.0025 5 4 -4 400 4 4 0.4 1
12 | m2_xtal | mm 1| Pos | 2 1 0.2 0 2 0.2 0.005 5 200 4.81188e-06 | 400 1 1 0.5 2
13 | m2_z mm 1 | Pos | 25 0.1 0.7 0 25 0.7 0.003125 5 36.67 -3947 400 20 | 20 0.08 1.25
14 | motor14 | degrees | 1 | Pos | 1 0.1 0.2 0 1 0.2 0.00025 5 100 -100 200 20 | 20 2 0.05
15 | motori5 | degrees | 1 | Pos | 1 0.1 0.2 0 1 0.2 0.00025 5 100 -100 200 20 | 20 2 0.05
16 | motor16 | mm 1 | Neg | 10 1 0.3 0 5 0.4 0.00625 5 90 -100 200 8 4 0.8 1.25
17 | xd mm 2 | Pos | 0.04 0.002 0.3 0 0.02 0.3 5e-05 5 65.8117 | -49.2469 400 2 1 0.1 0.02
18 | yd mm 2 | Pos | 0.032 0.00064 0.03 0 0.0064 | 0.03 1.6e-05 5 66.7275 | -100 400 5 1 0.1 0.0064
19 | om_v degrees | 2 | Pos | 0.5 0.05 0.5 0 0.5 0.5 0.0001 5 60 -60 1000 | 5 5 0.5 0.1
20 | chi degrees | 2 | Pos | 1.4 0.02 0.4 0 1.4 0.4 0.0002 5 360 -360 1000 | 7 7 0.1 0.2
21 | phi degrees | 2 | Pos | 2 0.02 0.4 0 2 0.4 0.0002 5 100 -100 1000 10 | 10 0.1 0.2
22 | om_h degrees | 2 | Pos | 05 0.05 0.5 0 0.5 0.5 0.0001 5 60 20 1000 | 5 5 0.5 0.1
23 | xs mm 2 | Pos | 1 0.1 0.2 0 1 0.2 0.000125 5 100 -100 400 20 | 20 2 0.05
24 | zs mm 2 [ Pos | 1 0.1 0.2 0 1 0.2 0.000125 5 100 -100 400 20 | 20 2 0.05
25 | ys mm 3 [ Pos | 1 0.1 0.2 0 1 0.2 0.00025 5 100 -100 200 20 | 20 2 0.05
26 | tt_h degrees | 3 | Pos | 1 0.1 0.3 0 1 0.3 0.00025 5 95 -16 400 10 | 10 1 0.1
27 | ty mm 3 | Pos | 4 0.4 0.4 0 4 0.4 0.00125 5 950 -24.06 400 8 8 0.8 0.5
28 | ttz mm 3 [ Pos | 5 0.5 0.4 0 5 0.4 0.00125 5 950 -30 400 10 | 10 1 0.5
29 | oma degrees | 3 | Pos | 1 0.01 0.4 0.01 1 0.4 0.0001 5 100 -10 1000 10 | 10 0.1 0.1
30 chia degrees | 3 Pos 1 0.1 0.3 0.1 1 0.3 0.0025 5 12 -12 400 1 1 0.1 1
31 | phia degrees | 3 | Pos | 1 0.1 0.3 0.1 1 0.3 0.0025 5 13 -13 400 1 1 0.1 1
32 | ta degrees | 3 | Pos | 1 0.1 0.3 0.1 1 0.3 0.00025 5 120 -110 400 10 | 10 1 0.1
33 | sli_t mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 10 -1 400 5 5 1 0.5
34 | slib mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 10 1 400 5 5 1 0.5
35 | sl mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 10 -1 400 5 5 1 0.5
36 | slir mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 10 1 400 5 5 1 0.5
37 | sl2_t mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 10 -1 400 5 5 1 0.5
38 | sl2_b mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 1.20125 | -9.79875 400 5 5 1 0.5
39 | sl mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 10 -1 400 5 5 1 0.5
40 | sl2_r mm 4 | Pos | 25 0.5 0.2 0.1 25 0.2 0.00125 5 1.1875 | -9.8125 400 5 5 1 0.5
41 | xm mm 5 | Pos | 2 0.00469 0.4 0.5 2 0.4 0.005 5 41.26 -40 400 1 1 0.002345 | 2
42 | ym mm 5 | Pos | 0.15625 | 0.0046875 | 0.4 0.5 0.15625 | 0.4 3.90625e-05| 5 18 -18 400 10 | 10 0.3 0.01562!
43 | motor43 | degrees | 5 | Pos | 1 0.1 0.2 0 1 0.2 0.00025 5 100 -100 200 20 | 20 2 0.05
44 | motor44 | degrees | 5 | Pos | 1 0.1 0.2 0 1 0.2 0.00025 5 100 -100 200 20 | 20 2 0.05
45 | si3_t mm 5 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10.1 0 200 20 | 20 2 0.25
46 | si3_b mm 5 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10.1 0 200 20 | 20 2 0.25
47 | s13l mm 5 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10.1 0 200 20 | 20 2 0.25
48 | sia_r mm 5 | Pos | 25 0.5 0.2 0 25 0.2 0.00125 5 10.1 0 400 5 5 1 0.5
49 | sla_t mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10 -10 200 20 | 20 2 0.25
50 | sl4_b mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10 -10 200 20 | 20 2 0.25
51 | sl4_l mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10 -10 200 20 | 20 2 0.25
52 | sla_r mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10 -10 200 20 | 20 2 0.25
53 | slI5_t mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10 0 200 20 | 20 2 0.25
54 | sl5_b mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 10 0 200 20 | 20 2 0.25
55 | sI5_| mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 8.8 4.2 200 20 | 20 2 0.25
56 | sI5_r mm 6 | Pos | 5 0.5 0.2 0 5 0.2 0.00125 5 35 35 200 20 | 20 2 0.25

Table2.3: Configuratiorof all importantmotorparameterg20thof April 2001). This configurationvas

doneby NorbertBayer. This tablewasautomaticallycreatecby the macrohp_motor_parametenac.
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Getting specrunning for a beamtime

To have a nicely working specmakesbeamtimesnuchmore corvenient. In this chapteiit is described
whatis necessaryo customize specfor your needqsection3.1) andthe mostimportantconfiguration
stepsatthe bgginning of a beamtimeg(section3.2).

3.1 Preparing the specmacros

Normally all major specmacroswhich providesyou with featuredike openingthe beamshuttewith a
commandine or calculatingthe absorptiornof thefilters shouldbe installedon the 61D-D Side Station
and 61D-B Main Station. Mainly on the 6ID-B Main Stationnot all commandsdescribedin chap-
ter 4 areinstalled. This canbe easily doneby downloding thosemacropackagedrom this internet-
sener, seehttp://idefix.mu.aps.anl.gthupfeld/spec_ macos and automaticallycalling themfrom the
file “spec.mac”which is automaticallloadedif foundin the samedirectory specis startedn. Alsoin
thisfile all definitionsshouldbe madeif additionaldatashouldbe saredduringscans.

3.1.1 6ID-D Side Station

All necessarynacrosare preloadecat the sidestation. A spec.madile is not required. If you wantto
loadadditionalmacrosor changehedatawrittento harddiskduringa scanusespec.ma@asanexample.

3.1.2 6ID-B Main Station

Not all macrosarenecessarilypreloadedexspeciallyhp_fio.macor hp_laleshore340.mamight notbe
preloaded Usespec.ma@sanexampleto loadthosepackagesin this exampleof spec.macomplete
pathnamesgo a directorywherethosepackagesreavailable on the computersula.mu.aps.anl.gyare
includedor thepackagesanbedownloadedrom thiswebserer (http://idefix.mu.aps.anl.g¢hupfeld/spec_maros/).
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3.2 Settingup spec

To getspecrunningin a statewhereit is corvenientto usefor a whole beamtimeroughly ten minutes
of time is needed. This sectionwill shav all necessarystepsin the correctorderto get a running
ervironment. This procedurenasto be doneonly at the beginning of a nev beamtime.Only in rare
casedike afatalcrashof specor the beamlinecomputerit might be necessaryo repeathis procedure.
Thisis therecommendeg@rocedurdor boththe61D-D Side Stationandthe 61D-B Main Station.

3.2.1 Doing afreshstart

First do a fresh startwith spec To do so close specwith the commandquit if it is still running.
Now changethe directoryyou have createdin section3.1 and startit againwith the commandspec
-f. This erasesary changegrior usersmight have madeandthe standarimacrosarereloadedn their
original versionasshouldbeshavn onthescreenNow exit specagainandstartit theregularway with
thecommandspec You shouldavoid ary freshstartsduring your beamtimebecause/ou will loseall
changesandconfigurationgyou made.

3.2.2 Executingthe startup script

Now executethecommandstartup in spec.Hereyou aredoingall thebasicconfigurationsFor mostof
thequestionghedefault configurationis fine or the questioris selfexplanatoryanddependgor example
on your samplesojust hit enterif youwantthe default or do notknow whatto do. Thereareonly two
really importantquestions:“Data file (/dev/null)?” Hereyou definitely shouldentera datafile name.
It is recommendedhat you put the datafiles into a separatadirectory which is a subdirectoryof the
directoryyou arecurrentlyworking in andgiving theening*“.spc” to the filename.Sofor exampleyou
couldanswer:data/samplel.spc

The secondimportantquestionwere you should chosesomethingelsethenthe default is “128) Use
highresolutionplotting device (NO)?” Pleaseanswelyesif youwantto seegraphicsduringyourscans,
whichis recommended.

The following questionsare aboutyour sampleand the UB-matrix you want to work with, all those
parametersanbechangedasilyduringtheexperimentsoif youwantyou canstaywith thedefaultsand
dothe changedater If you mademistalesansweringthe questiongust startagainwith the command
startup.

3.2.3 Getting the automatic creation of fio filesto run

The automaticcreationof fio files is not a standart specfeature. Neverthelesst is recommendedo
useit becausét createddatafiles for eachscanwhich areeasyto readandcancopy thosedatafiles to
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anothercomputemwhich gived additionalsecurityin caseof acomputercrash.If youwantto know how
to run a dataanalysisof thesefio files seechapters. Seesectiond.11.1for an explanationof the spec
macrosrelatedto fio filesandhp_fio.mador the code.

Firstanameandanumbeffor thefio fileshasto bedefined.To dosoexecutethecommandio_new_filename
Firstyou areasledto enteranew filename:“Datafile (0)?” In bracletsthe old filenameis given,“(0)”
meansthat this programwas not in usesincethe last fresh start. Enterfor exampledata/samplel
whichwill storethefio filesin subdirectorydataandthefilenamewill besamplel xxx.fiavherexxx is
replacedby the scannumber In the next questionyou are asled for the lastusedscannumber: “Last
scannumber(0)?” whichis normally zero. In somecasest might be advisableo startwith a different
numbey for exampleaftera crashandyou wantto continueyour measurementsr to matchthe scan
numbersusedin the datafiles writtenin the specformat. It is stronglyrecommendedb usethe same
scannumberdn the specandthefio dataformateventhoughthey arecompletelyindependent.

Secondyou canautomaticallycopy your fio datafiles to anothercomputer This is recommendecs
a safety precausiorbecausehis gives you an automaticimmidiate backupof all of your data. To
do so executethe commandfio_new_copy You are asled for computerwherethe datashouldbe
copied: “user@computer(user@idefix.mu.aps.anl.g®?”, the default in braclets. If you arework-
ing at the 6ID-D Side Stationit is recommendedo use “idduser@idefix.mu.aps.anl.gd or “id-
duser@mamu.aps.anl.ga” (thecolonis important,do notforgetit!). If youareworkingatthe6ID-B
Main Stationit isrecommendetb use“user@idefix.mu.aps.anl.ggd or“idbuser@mamu.aps.anl.go”.
Next you areasledfor adirectorywherethefiles shouldbe stored:"directorytrashcan/)?"Onceagain,
thedefaultisin braclets. Please&reateyouown directoryat“idefix” or “mar” in oneof theuseraccounts
thatyour datafiles arenot mixed up with files from otherusers.Warning! Datafiles might beremoved
at ary time after the experimentfrom the beamlineor dataanalysiscomputerssoit is stronglyrecom-
mendedhatyou make a copy of your completedatasetafterthe experimenton oneof the computersat
your homeinstitution. Readsection6.1 for adviceabouthow to copy your data.

It is possibleto copy fio files to ary othercomputerevenin your homeinstitution automatically But it
is necessaryhata sshdaemonis runningon this mashineandyou have to setit up thatthe beamline
computercanaccesdt throughthe public-privatekey structureof sshwithouthaving to entera passverd
or passphrase.

To checkhow the creationof thefio filesis configuredusethecommandio_showv_settings Thereyou
alsogetadvicehow to stopthe automaticcreationandcopying of fio files. If you do not wantto use
fio files any moreyou just have to executethecommand-IO_NAME="" (pleasebesureto usecapital
letters).No deinstallatiorof thehp_fio.maanacrosis necessary

If for ary reasorthecommandsio_new_filenamefio_new_copyandfio_shav_settingsarenot avail-
ablethenthehp_fio.maavasnotinstalledby default. Thisis very likely for the6ID-B Main Stationthe
case.Seesection3.1.2how to do this.
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3.2.4 Checkingthe creation of proper data files

It is recommendedhat you checkvery carefully beforestartingwith taking dataif the datais written
into eitherfio or specdatafiles. To do sostarta quick scanandcheckif you canfind it in the specfile,
thatyou canfind afio file which belonggo this scanonthe beamlinecontrolcomputerandyou alsofind
this scanon the mashinewhereit is supposedo be copiedto.

You might encounteproblemsexspeciallywith the automaticcopying if you areworking atthe 61D-B

Main Station.Thisis dueto thefact, thatthe beamlinecontrolcomputerf the sidestationis usingssh2
which in someversionsis incompatibleto the mostcommonlyusedopensstor sshlstandart. There
is no solutionto this problemuntil a compatibleversionhasbeeninstalled. You have to copy thefiles
manuallyfrom time to time. It looks like if the files canbe accessedrom outsidemashinesso that
you canuseSpectrato askfor a datafile wheneer you wantto look at a specificfile duringyour data
analysis.Seechaptelb for explanation.



Chapter 4

spec

spec* is a x-ray diffraction softwarewhich is usedat our beamlinefor the control of all devices,from
the monochromatorslit systemsup to the diffractometer A generaldescriptionof the capabilitiesof
specis give in thereferencenanual[Spe99. Seealsothe Internetpageof CertifiedScientificSoftware
(CSS)http:/iwwwicertif.com/for moreinformation.

The aim of this chapteris to provide a simple manualfor the useof the mostimportantcommandsof
specanda descriptionof the beamlinespecificfeaturesandmacros. It is not intendedto describeall
commandsmplementedn spec. Advancedusersshouldonly readsection4.1 to learnaboutthe non
standarcommandsmplementedexspeciallyfor our beamline.Beginnersshouldskip that sectionand
startreadingat section4.2.

4.1 Site specificmacros

atten value Readgheactualsettingof thefiltersanddisplaysthethicknessandthetransmissiorior the
actualenegy if no agumentis supplied.At the 6ID-B Main Stationwith agumentit movesthe
absorbersiccordingo thevalue(0— 255), eachbit representsnefilter. At the6ID-D SideStation
thecommandatten bank value might have two aguments.If oneargumentis supplied(0 — 15)
the specifiednumberof filters is movedinto the beam.At the 6ID-D Side Stationtheremight be
two filter banksinstalled.If two agumentsaresuppliedthefirst agumentis thefilterbankwhich
is to beused(1 or 2)

ugmv,umgvr move up to 10 motorsatthe sametime, seesection4.3
theta0 two thetacorrectionseesection4.9

read_ubm readsa UB-matricefrom rafin, seesection4.9

*specis atrademarlof CertifiedScientificSoftware
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ana_elast movesanalysetthetaandtwo theta,seesection4.7

absomption callsafortran programwhich calculateghetransmissiorfor differentelementsandener
gies

shutter command opensor closesthe main shuttey commandare the wordsopenor close. For the
shutterof theidb- andidd-stationthe commanddbshutter commandandidbshutter command
exists

new_fio_filename andnew_fio_copyimplementsthe automaticcreationof fio (Spectraliles during
all scans.Packagehp_fio.machasto beloaded. new_fio_filenamedefinesnecessaryariables
andimplementghe creationof fio files. new_fio_copydefinesa variablenecessarjor automatic
copying of fio files to anothercomputer Packagesshhasto be installedon both computersand
the public key of the beamlinecomputerhasto be installedon the othercomputer Look in the
manpagef ssh.Themacroshow_fio_settingscanbeusedto shav thestatusof thefio package.

4.1.1 TomoveandscanPVs

Thefollowing commandsreusedio maove or scanPVs,thatareepicsvariablesg.g.thegap,thatbehae
like motors.

pvwa lists all PVsandtheir position

pvmv movesaPV

pvascan absolutescanof aPV

pvdscan relative scanof aPV (alsopviup)

pvconfig configure(add,delete,...) PVs

4.2 Handling macros

gdofile("filename”) load macrosdefinedin filenamesothatthey areknown to the program
prdef macroname shav codeof macromacroname

Isdef liststhenamesandsizesof macros

Iscmd lists build-in keywordsandfunctions

newmac reloadsthestartupmacrosnormallydonewhenentering spec
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4.3 Motors

umv motor pos move motorto absolutposition

umvr motor value move motorrelatv to actualposition

wa shaw positionsof all motors(wu shavs only mnemonicanduserposition)
wm motl mot2 mot3 ... shaw positionsof the specifiedmotors

Im motl mot2 mot3... shaw limits of the specifiedmotors,without optionsthelimits of all motorsare
shawn.

ugmv motl poslmot2 pos2... move groupof motorsto absolutgpositions

ugmvr motl vall mot2 val2 ... move groupof motorsrelative to absolutepositions
setmotor position setsthe actualmotor positionto a new value

set_dialmotor position setstheactualdial motorpositionto anew value
set_Immotor low_limit high_limit setnew softlimits for amotor

zero motor setsthe dial value to the mechanicalzero for motorswhich are equippedwith a home
positionfeature

tw motl mot2...deltaldelta2...sample_time movesoneore moremotorsin smallstepseachtime
you hit thereturnkey. The parametesample_timas optional,if given aftereachmove a count
will be performedanddisplayed

4.4 General stuff

startup Shouldbe performedat the beginning of anexperimentto setup datafilesandsoon
newfile changego anew file wherethedatais written to
whats ??? givesinformationaboutanexpression

gpsetvariablel variable2 variable2getsthe samevaluethanvariablelandthe changds documented
in the datafile

sleepvalue speowaitsuntil thespecifiedimein secondfiaspassedlf youusethecommandio_sleep
insteadspecwill shaw acounterrunningbackwards

setmono setparametergor monochromator
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4.5 Counting

cttime countsfor time seconds

uct time countingis updatedduringcount,try uctn if you have morethansix counters
counters changeghecounterdisplayedduringthescans

_showv_cntr shaws currentconfigurationof the counters

count isthemacrocalledby all scansandct commanddgo dothe counting

chk_beam testsif beamis there,but normally the macrois not defined. Look into standard.mato
changethis. If it is definedproperlyit waitsuntil the beamis backif theintensityin the monitor
(definedby globalvariableMON) is below the valuedefinedin the globalvariablechk_thresh

Pleasenotethata positive value of time representgountingfor the definedtime anda negative value
representgsountingagainsta monitor, which hasto be definedby the counterscommand.

The global variablesDET and MON containthe channeldisplayedduring the scanand the monitor
channel. They might be changedust by typing DET = ionl thenion chamberl will be displayed
duringthescans.

4.6 Scans

Herealist of possiblescanswith a shortexplanationis shavn. For detailsaboutthe differentscantypes
usespeccommanchelp.

ascanmotor start_position end_positionpoints sample_time normalscanpositionsaregivenin ab-
solutvalues scancontainsonemorepointthangivenin points,lastparameters the sampletime

a2scanmotorl startl stoplmotor2 start2 stop2points sample_time two motor scan,alsoa3scan
adscananda5scanexist

dscanmotor start_position end_positionpoints sample_time (orlup) relatve scansamdike ascan
but the valuesof start_positiorandend_positiorareaddedto the actualposition. Also d2scan
d3scan d4scanandd5scanexists

th2th tth_start_rel tth_finish_rel points sample_time theta-two-thetascan

hkiscan start_h stop_hstart_k stop_kstart_| stop_Ipoints sample_time Q-scan. In addition also
hscan kscanandlscanexists, easierto useif you areonly doingscansn oneQ-direction.Also
morefang Q-scansareavailablelike hkcircle, hicircle, Kicir cle, hkradial , hkradial andhkra-
dial.
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meshmotorl startl stoplintervall motor2 start2 stop2interval2 sample_time nestedmotor scan
whichis ableto scanatwo dimensionahreadefinedby thetwo motors.Datais writtento asingle
scanin the datafile so make sureyou areableto readthe datawith your dataanalysissoftware.
Thesameexistsfor Q-scansseehkimesh

aziscanazi_start azi_finishintervals sample_time scanazimuthalangle

Escanstart_E stop_E points sample_time Enegy scan

In additionalsotscan, dtscan, abscanandabmeshscansxist but arenotdescribechere.

Pleasenotethata positive value of sample_timein all scantypesrepresentgountingfor the defined
time andaneggative valuerepresentsountingagainstmonitor, which hasto be definedby thecounters
command.

After performingthe scanthe dataof the counterdisplayedduring the scancan be analyzedby the
following commandgNotethatto displaya valuea print commanchasto beaddedg.g.p pl_MIN or
the valuehasto be givento a variable,e.g.i = pl_MIN . Also a motor canbe drivento the valueumv
tth CEN):

pl_MIN smallestmeasuredalue(y)
pl_MAX biggestmeasuredalue(y)
pl_xMIN position(z) of minimum (y)
pl_xMAX position(z) of maximum(y)
pl_SUM sumof all measuredalues(y)

pl_SUMSQ sumsquaredf all measuredalues(y?)
pl_FWHM full width half maximum(y)
pl_CFWHM  centerof FWHM (y)

pl_COM centerof mass(y)

pl_MINX minimum (z)

pl_MAXX maximum(z)

pl_LHMX upperhalf-maximumof (z)

pl_UHMX lower half-maximumof (z)

For corvenienceCEN is identicalto pl_CFWHM .

4.7 Energy

Here commandselatedto the monochromatomre given. Warning! Enegiesin specare given in
keV andnotin eV! Make shureto type moveE 7.93Q do not forget the dot if you wantto go to the
gadoliniumL;;-edge.Do not mix it up with the HASYLAB standart.The 6ID-D Side Stationis using
a specialcustomdesignednonochromatorin additionto the commandsnentionedn this sectionthe
commandspecialfor the sidestatioraredescribedn section4.11.6.
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getE displaystheactualenegy
moveE energy move monochromatoto enegy.

setEenergy thiscommandecalibrateshe monochromatomotors.Never useit unlessyou arereally
knowing whatyou aredoing

ana_elastvalue drivesthethetaandtwo thetaof theanalysel(tha,ttha)to thecorrectpositionsfor the
actualenegy. For this purposeto the variable ANALYSER_d_spacinghasto be assignedhe
correctvalue. If thisis donethe analysewill alsobe movedautomaticallywheneer the enegy
of themonochromatois changedalsoin anEscan(sectiord.6)). To omit thisassigravalue< 0
to ANALYSER_d_spacing If anenegy is submittedasanarguemento ana_elasttheanalyser
will notbemovedbut the positionswill be calculatedandshavn. This is for testingpurpose

setanalyser calculatedatticesconstantdor differentanalysers.This is a commandonly available at
the 6ID-D SideStation.Shouldbe self explanatory

specis internallyworking with the wavelengthlambda,which is accessibléhroughthe global variable
LAMBD A. With the commandcalcE which is automaticallyinvoked by moveE, getE andsetEa nev

value for LAMBD A canbe calculated. The Enegy in keV can easily be calculatedwith the global
variablehc_over_eperforminghc_over_e/LAMBDA asis doneby getE.

4.8 Temperature control macros

Therearesomepredefinedemperatureontrolmacros:

te value readsemperaturer setssetpointif valueis supplied

teramp rampsatemperature

Thesemacrosareonly working if the macrossettempandmeasuetemp aredefined.For anexample
to definethesemacrosseethe specmanualor call your systemadministratar

4.9 UB-matrix

List of usefullcommandselatedto the UB-matrix:

4.9.1 Commandsfrom

cahk | calculatepositionsfor hk |
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ubr hk 1 moveto positionhk |
wh displayh, k, I, tth, th, chi, phi, etc.
pa displaygeometryparameter

shovUB Displaysthe actualusedUB-matrix. Pleasenotethatit differs by a factorof 2z from the
resultsof the programrafin, alsothe matrix wastransponated.

enterUB enableg/outo entera UB-matrix directly.

setlat setsthelattice parametersf the sample.ls is alsopossibleto setdirectly the reciprocallattice
parametersvith setrlat

or0 setactualpositionto befirst orientationreflection
orl setactualpositionto be secondorientationreflection

setor0 andsetorlsamdikethecommand®r0 andorl but nottheactualpositionis used,you have to
enterthe positionof thereflectionsmanually

or_swap exchangsdirst andseconcbrientationrelectionsetwith the command®r0 andorl

savegeo printsall informationnecessaryor UB-matrix or monochromatosetupon the screen.The
useris responsibldor printing this or writing it into thelogbook!

sa/e executesavegeoandsaveusr andsavesit to harddisk. saveusr is normally emptyandcouldfor
examplecontainuserdefinedglobalvariables

cuts displaysthe angleswhich th, chi and phi will not crossbut insteadreachthe positionfrom the
otherdirection. cuts name value will changeone of them, cuts value value value value will
changaall four

setmode setsthe modethe UB-matrixis workingin. Valueis storedin variableg_mode For explana-
tion executecommandsetmodeor look into the specmanualSpe99

freezevalue Freezegependingon the mode(seesetmodg one or more anglesto the actualvalue
or if parametewralueis suppliedto the suppliedvalue. This is exspeciallyusefullif you always
wantto go to your reflectionsis oneor moreanglesfixed regardlessvherethe actualpositionof
this anglesis. The commands rewoked with the commandunfreeze The commandor_freeze
displaysthe actualfrozenvalues

setsectorvalue chosesasymmetrytransformatioroutof 8 possibleransformationsyalue0 meanso
transformationSeethe specmanualfor andetailedexplanation[Spe99

sectorsH K L displaysall motorpositionsfor all possiblesectors

setaz setazimutalreference
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startgeo asksfor all necessarynformation, executingthe commandssetmode setsector setlat and
setaz

czHO KO LO H1 K1 L1 calculatezone: printsthe valuesof chi andphi neededo put two vectorsin
the scatteringplan

mz HO KO LO H1 K1 L1 move zone:calculateghe necessarghi andphi, movesthereandthengoes
into thefixedzonemode(g_mode= 2)

szHO KO LO H1 K1 L1 setzone: calculateshe necessarghi and phi andthen goesinto the fixed
zonemode(g_mode= 2), freezingchi andphi on thesevalues

calcG calculateghe UB-matrix. This routineis normally called by all commandswvhich changethe
configurationof the UB-matrix, for exampleorO andorl

reflexH K L storesthe actualposition asreflex namedH K L in afile. Before the first reflection
canbe storedcommandreflex_beghasto be executed. After all reflectionsare storedexecute
reflex_end Follow theinstructionson the screenif you wantobtaina nev UB-matrix from a fit
of thesereflections

calcL afteracustommadeUB-matrixwasenteredr fitted with thereflexcommandscalcL calculates
thelattice parametergor therealandreciprokallattice from the UB-matrix

Thefollowing commandsarecustommadecommandsdefinedin thefile hp_ubm.macsee4.11.11.

richt smallprogramnthatcalculateseflex positionsfastandefficientandis in principleself-explanatory
atleastif youunderstangierman

thetaO this commandeadsthe informationaboutthe two reflectionsfrom which the UB-matricewas
derived andcalculatesa correctionfor two thetaandthe lattice constant.lt worksonly for cubic
systemr if bothreflectionsusedpointingin directionswith the sameattice constant

ubm_readfilename readsa UB-matrix from filename. If filenameis not givenit will be readfrom
ubfrom.raf. AfterwardsUB-matrix will betransposeéndmultiplicatedwith afactor2s to make
it workablewith spec

For adefinitionof the UB-matrix see[Bus67.

Smalltrick if youonly planto do measurements onedirection: Measurewo reflectionsfor example
(002)and(004)anddoacorrectionwith theprogramthetaO. Afterwardswith thecommand®r0 and
orl usethe samereflection(e.g. (0 0 4)) for the UB-matrix, but nameit (0 0 4) for or0 and(0 4 0) for
orl. Of courseyou getanerrormessageNow setoneof thevariablesg_ul2or g _ul3,they represent
chi andphi of the secondreflection,to a valuewhich differs by 90 degreefrom the original one. You
now have createdavirtual (0 4 0) reflection.To calculatea new UB-matrix finally executethecommand
calcG. You now have a UB-matrix which shouldwork perfectin the (0 0 4) directionbut containsno
informationaboutotherdirections.
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4.10 Tipsfor programmers

Usefull macrosthat shouldbe loadedat each specsessionwvetheror not you are startingfreshcanbe
savedin thefile spec.madn the currentdirectorywhere specis executedor in thefile site.madn the
specddirectory usually/usr/local/lib/sped. In additionsite macroswhich only shouldbeloadedwhile
startingwith optionfreshshouldbe savedin site_f.mac

Very importantfor programmerss alsothe possibility to executeloops, this is doneby the command
for. A shortexamplefor doinga mesh-scamanuallyfollows:
for (i=20; i<=21;i+=0.1){

umvthi

luptth-11201

}

Also awhile commandusingthe C-syntaxexists.

Veryimportant:Whendefiningmacrogputthecompletemacroin a{} surroundingf youwantto avoid
thatlocal definedvariablesbecomeglobalknown.

_checkOmotor checksf amotornameis valid

move_em is a macrothat startsall motor movementswith the build in functionmove_all. Beforethe
movementstartsthe macrouser_premove is executedandafterwardsuser_postmaee. Both are
normally emty.

show_cnts readsthe scalersandshaws the contentsbut did not countby itself

4.11 Explanation of the differ ent custommade macros

In this sectiona collectionof macros,sortedby the filenamesin which they are definedis explained.
They arenot of generalinterestfor every userbut might be usefull for specifictasks. At the 61D-D
Side Stationmostof thesemacrosarepreloadedy the macrosite_f.maowhichis residingin thehome
directoryof specmacros(normallyin /usr/local/spec/lif) at the beamlinecomputerand executedat
every freshstart.

4.11.1 hp_fio.mac

This packagecontainamacroswhich areusefullfor peoplewho arefamiliarwith theHASYLAB, DESY
programspectraandare usingit for their dataanalysis. The packageredefinesuserentry points sup-
portedby the standart.mapackagedeliveredwith specto write fio-files. In additionthe following
commanddave beendefinedto do the setupof the package:
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fio_showv_settings shawsif thewriting of fio filesis in use

fio_new_filename this commandis usedto startcreationof fio files or to changethe nameof the
createdio files

fio_new_copy if fio files arecreatedandthe beamlinecomputeiis ableto usessh(notthe casefor ID-
B) andhasanauthorizedkey on anothersystemthis commandcanbe usedto setup anautomatic
copying of thefio files to the secondcomputer Might be usefullasbackupor for dataanalysis

Seealsosection3.2.3for anexplanationof thesecommands.

4.11.2 GPIB macros

Normally GPIB andserialinputandoutputis directly supportedy spec Becausef the problemwith
thegenericEPICSserialandGPIB supportit is necessaryo have specialmacrosavailablewhich allow
usersa conveniantand consistantvay to addressexternaldevices. The macrosin this sectionprovide
the userswith thefollowing two commands:

hp_gpib_getaddress readsavaluefrom a serialor GPIB device. Addressis the GPIB addresof the
device if it is a positive integer, the absolutvalue of addresss the serialaddressof the device
if addresss a negative integer Becausespecdoesnot supportuserfunctions(at leastnot very
easy) thereturnvaluewill befoundin thevariableGPIB \al

hp_gpib_put addressvalue writesvalueto theserialor GPIB device addresgseeabore)

Becauseof specproblemswith the properhandlingof value which canbe a string or a variableit is
stronglyrecommendetb usethe commandn thefollowing way: dummy = “test1234”;hp_gpib_put
addressdummy Usageof for examplehp_gpib_put 24 “SETP? 1" which is a typical commandfor
thelakeshoremodel 340 will leadto strangeerror messagesdummy = “SETP? 1”;hp_gpib_put 24
dummy is theworkaround soonly usevariablesasargumentfor hp_gpib_put.

If only thehp_gpib_getandhp_gpib_put commandsareusedmacroscanbe easilyinterchangede-
tweenbeamlinesFor examplehp_SI_controllemac(sectiord.11.3)andhp_laleshore340.masection
4.11.4)only usetheseawo commands$o communicatavith thedevicesindependenif they areconnected
to theserialportor the GPIB. A beamlinespecificmacropackagdghanconnectshesewo commandgo
theactualusedserialportor GPIB. Two examplesaregiven,sectiord.11.2for sectorll, BESSRC-CA
andsectiord.11.2for sector6, u-CAT

hp_gpib_11lid.mac

At BESSRC-CA agpib cardis usedwhichis supportedy spec Thushp_gpib_11lid.mats veryshort
andthe commandsp_gpib_getandhp_gpib_put areonly projectedto the speccommandsOnly a
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terminatingcharacteis addedf necessary

hp_gpib.mac

At the 4-CAT 61D-B Main Stationand6ID-D Side StationEPICSgenericserialand GPIB recordsare
usedto communicatewith for exampletemperaturecontrollers. This complicateshe communication
with devicesandmadethe developmentof hp_gpibmacnecessaryThesemacropackagesupportsoth
the genericserialrecordandthe genericGPIB record. It allows the usageof several GPIB devicesat
the sametime eventhoughonly onegenericGPIB recordis availableandhandelsall necessarghanges
which have to be madeto the genericGPIB recordautomatically It hasto be configuredproperly
which is normally doneby the systemadministratar For configurationreadthe sourcecodein thefile
hp_gpibmac.

4.11.3 hp_SI_controller.mac

Thisis apackagdor theuseof aScientificinstrumentsemperatureontroller It requireghathp_gpibmac
is loadedfirst. It is notrecommendedtb usethe Scientificlnstrumentemperatureontrollerin experi-
mentsjt is outdatechardware,for examplethetemperaturesetpointcanonly bechangedn 0.1 K steps.
This packageedefineshe macrosmeasuretempand_settempsothatthetemperatureommandsup-
plied by standart. ma¢seesectiond.8) areworking.

4.11.4 hp_lakeshore340.mac

Thehp_laleshore340.mapackages for the usewith alakeshoremodel340temperatureontroller It
workstogethemwith packagehp_gpibmac(see4.11.2),this packagehasto be loadedfirst. It hasthree
main funtions: Changethe setpointand measurehe temperaturesluring the scan. The measurements
are done during the scalersare busy with counting, look into the sourcecode for details. Second,
write andreadsensorcalibrationcurvesto andfrom the lakeshoreandthird, allow the configurationof
importandparameterandallow to sase or readthemfrom harddisk.

lakeshore340_help Displaysashorthelpof all commandsindalsoshavsthevaluesof globalvariables
usedto configurethelakeshoremacros.

lakeshore340_config_settempconfigureghe globalvariablesfor the settempmacro

lakeshoe340_ead_cuwe curve_numberfilename Readsa curve anddisplaysit. If optionalfile-
nameis givenit will bewritten to harddisk

lakeshore340_ write_curve readsacurne from diskandsendit to thelakeshore
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lakeshore340_settingoption execute programwithout parameteroption, it will shov all possible
valuesof mode.Allowsto changesave, restoreof lakeshoreparameters

lakeshore340_set_pid change$1D parameterandheaterange
lakeshore340_set_modechangesemperatureontrolmode
lakeshore340_set_contsl configurescontrolsensor
lakeshore340_set zoneconfiguresonezoneof PID parameters
lakeshore340_set ramp configuresampparameter

lakeshore340_ set sdit configuressettleparameterglakeshoresignalswith statushit if temperature
is stable)

Forthelakeshore340_set pidandthelakeshoie340 set rammgommandoarametersanbesetup on
thecommandine, just enterthe commandollowed by the appropriatsmmumberof parameterg4 and?2).

This shortdescriptiondoesnhot replacethe manualof the lakeshore340 model. Readthe manualund
usethehp_gpib_putandhp_gpib_getcommandgo write your own macros.

4.11.5 hp_move.mac

Thehp_mwe.macpackagerovidesthe commandgmv, gmvr, ugmv, ugmvr, which areableto drive
oneto tenmotorsat the sametime. This packagemight be usedto replacethe old move commandf
standart.mad-or a descriptionof thesecommandsee4.3.

4.11.6 hp_mono_6idd.mac

Themacrohp_mono_6idd.magrovidesspeciacommands$or operatinghe6ID-D SideStationmonochro-
mator Thesespecialcommandsareneededor two reasonsFirstthe 6ID-D SideStationmonochroma-
tor consistsof threemonochromatocrystal pairsandthesemacrosenablethe userto easilyexchange
them. Secondthe secondmonochromatomoves over a large distance. If the enegy is changedby
severalMeV arealignemends necessary

setmonovalue This macroreplaceshe setmonomacrodistributed with spec The original macro
canbe found under_setmono With the setmonocommanda monochromatocrystal pair can
be chooserand specautomaticallymalkes all changesecessaryo changethe monochromator
crystals. If valueis the numberof a valid monochromatocrystal pair the changewill be done
immidiately otherwiseaninteractve menuewill bedisplayed
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mono_accept_positiorenergy The 61D-D Side Stationmonochromatorcaovers a very large enegy
interval. The monochromatois working very stablebut if big changesn theenegy aremadethe
alignemenbf themonochromatochangeslittle bit. Oncethe monochromatohasbeenaligned
for a certainenegy mono_accept_positiorcanbe usedto calibratethe monochromatoto the
correctenegy. Warning! Do not usethe standart speccommandsetE for this purpose,it will
work for the moment,but the enegy calibrationof the monochromatowill belostin the long
term.

mono_calc_positionenergy calculateghetheoreticabositionsfor the motorsmonu,mondandmon-
trav for agiveneneny.

mono_calc_eneggy_range calculatesheenegy rangewhichis coveredby theactuallyusedmonochro-
mator

mono_shav_settingsn shaws all parametergor the monochromatowith numbern, if no numberis
suppliedit shavs the parameteror the actuallyusedmonochromator

mono_shav_all shaws all parametersor all availablemonochromators.

mono_align_crystals This macroalignsthe beamon the secondnonochromatocrystal. To do sothe
secondnonochromatois movedto severaldifferentpositionsandateachpositiona scanwith the
¥ of the first monochromatocrystalis done. The rangewherethesescansaredonedependon
the enegy andthe chosemrmonochromatocrystalpair. This macrodoesnotdo ary dataanalysis.
Theuseris responsibldo analysehedataandto chosea suitablepositionfor themonochromator
pairs.

mono_s&e \aluesfilename all relevantinformationaboutall threemonochromatoris storedin afile
namedfilenameon the harddisk. To resetall variablesto thesevaluesexecutethis file with the
commandydofile, for anexplanationseesectiord.2. Thesanformationis alsostoredon harddisk,
wheneer for examplethe commandmono_accept_positioris executed. Thefiles are storedin
the subdirectorymonochromatoim the SPECDdirectory This is normally the directorywhere
for examplethe standarmacrosof specareplaced.To seewherethisis justtypep SPECD.

_mono_determine_crystal This macrodetermineswhich crystalis actuallyin useby looking at the
positionof motor m1_xtal, the crystalchangerof the first monochromatoandthanassignghe
numberof the crystalto theglobalvariablemon_num.

4.11.7 hp_motor_6idd.mac

The commandddefinedin the file hp_motor_6idd.maare usedto control the specialHuber diffrac-
tometerif the61D-D SideStation.The 24 rotationfor theverticalscatteringnodeof this diffractometer
consistsof two translationsand onerotation. All motorsof the 61D-D Side Stationare describedn
section2.2. In this macrothe movementof thevirtual motorsdescribedn table2.1is implementedAll
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motor mavementsarenormally doneautomaticallythe following commandsreintendedfor the setup
of thediffractometer

diffractometer_mode_changevalue Changeghe modein which the virtual motorsoperate. Mode
0 meansno couplingbetweervirtual andreal motors,all movementsof virtual motorswill not
affectary realmotor Mode 1 meanghediffractometelis in verticalmodeandmode2 meanghe
diffractometeris in horizontalmode. If virtual motorsare usedin this modethe corresponding
realmotorswill move. Seesection2.2 for a detaileddescriptionwhich motorsarecoupled.If no
valueis giventhecommandwill shav the optionsandaskfor avalue.

ana_elast seesectiord.7

setanalyser seesectiond.7

To beableto simulatethevertical 24 rotationthreevariableshave to be set. Thisis donein thefirstlines
of thefile hp_motor_6idd.mador the actualvaluesseetable4.1. The variabledist_sample_analyser
definesthe distancebetweerthe samplemountedin the centerof rotationof the diffractometerandthe
analyserDuring the simulated rotationthis distancewill stayconstant.Thevariableszero_tt_yand
zero_tt_zdefinethe position of the motorstt_y andtt_z for 2¢ = 0. For tt_y this is the difference
betweenthe zero of the encodersandthe beamhight, whenthe beamis going throughthe centerof
rotation of the diffractometer Becausean the momentthe encoderfor motor tt_z is not working the
zeropositionis determinedby usinga plumbto put the analyserdirectly above the sampleposition.
Thereforezero_tt zanddist_sample_analysbieve the samevalue.

Variablename value
dist_sample_analyser924.31
zero_tt y 5.26
zero_tt_z 924.31

Table 4.1: Actual valuesfor the variablesusedfor the setupof the virtual 24 movementin vertical
scatteringgeometry

4.11.8 hp_mca.mac

The CanberrdDetectorsystemusedat the 61D-D Side Stationis operatedhrougha Canberracomputer
interfacecalled AIM 556. This AIM controlsa digital signalprocessofDSP)with integratedsupport
of a multi channelanalysefMCA) anda high voltage (HV) power supplyfor the detector Thereare
se/eral MEDM screensvailableto controlthe HV power supplyandthe DSP In additiona graphical
displayof the MCA is provided. The setupof the HV power supply andthe DSP shouldbe doneby
experiencedstaf members. Normally not two mary changesshouldbe necessary Two remarksto
operation:
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e The DSPcanbe usedin coincidenceor anticoincidencanode. It is only countingif the regular
countersarerunningor notrunningat the sametime, respectiely.

e it is possibleto connectan analogsingle channelanalyseSCA) to the testoutputof the DSR
thisway the DSPis usedasanordinaryamplifier This maleslife alot easierbecaus¢heregular
countersanbeused.

Warning! hp_mca.macequiresthathp_fio.maowvasloadedbeforehp_mca.mac.

The MCA featuresareavailablein speg they areprovided by the macropackagehp _mca.macThis
packagedoesnot useary specificcommand®f the DSPandthereforeshouldwork togetherwith any

MCA systemsupportedby EPICS.This packageonly providesbasicfeatures.In the momentthe data
is only storedin thefio formatof Spectra.During countingdonewith this macropackagehe display
of theMEDM window is notupdated.The reasons thatupdatedconsumeo muchtime sothatnot all

photonswill becollectedif theMCA is readout.

mca_countfilenametime The mcacountsfor the given time andthe resultis saved into a file with
namefilename. Both agumentsare optional. If only oneargumentis given that mustbetime.
If noor only oneargumentis giventhefilenameis constructedrom the variablesMCA_NAME
andMCA_NUMBER .

mca_new_filename Use this commandto definea filenameand a startingnumber Wheneer the
mca_countcommands usedwithout the optionalfilenamethe namedefinedin hereis used. If
MCA filesarewrittenduringscanghey will havethenameof thefio file with anadditionalnumber
correspondingo the pointin thescanwherethe MCA spectrumwastaken. If noFIO_NAME is
definedthe MCA_NAME will beusedandtheuseris responsiblé¢o keeptrackwhichfile belongs
to which pointandscan.

mca_mode_chang@umber TheMCA macroknows threemodes:

0 - MCA notin use
1 - MCA in usebut only regionsof interest(ROI) arereadout
2 - MCA in use,ateachscanpointa MCA spectrumis written to disk

Argumentnumberis optional,if omitted possibleargumentsareshavn andthe useris asled for
his choice.

mca_enepgy_calibration With this commandhe usergetsan easyinterfaceto do anenegy calibra-
tion. In principlenothingmoreis donethendefiningfour variablesMCA_cal_ch1MCA cal ch2,
MCA_cal_enerlandMCA _cal_ener2.Two channelnumbersandthe correspondindo enegies
areneededForthe6ID-D SideStationa Cos; sources agoodchoice,it hastwo linesat122 keV
and136.5 keV.

MCA datafiles will be automaticallycopiedto the sameplacelike thefio files, seesection4.11.1for
explanationhow to copy files.
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4.11.9 hp_DAC_vmic4ll6.mac

The macrosin this file controlthe VMIC 4116digital analogcorverter(DAC). This device is a 16 bit
DAC whichis ableto provide voltagesin therangefrom —10 V to +10 V.

dac_wlt channelvalue Applies a voltageto one of the eight channels. Channelhasto be a value
betweer) and?, valueis thevoltagebetween—-10 and+10

dac_bit channelvalue Appliesa voltageto oneof the eightchannels.Channelhasto be between)
and7, valueis abit valuebetweer (correspond$o —10 V and65535 (corresponds$o +10 V)

dac_init This commandinitialisesthe DAC. This commandis automaticallycalled by dac_\volt or
dac_bitif necessaryt shouldonly benecessarif theVME cratewasswitchedoff. Nevertheless
thiscommandcanbe calledat ary time without doingany harm.

4.11.10 hp_filter_6idd.mac

hp_filtermaccontrolsthefilter. It alsocalculateghe absorption. All valuesareautomaticallystoredin

eachscan.lt is alsopossibleto calibratethefilters at certainenegiesandhave thosecalibratedvalues
written into the datafiles. Seesection4.1 for commanddor explanationof the atten commandwhich

controlsthefilters. In additiontherearesomemorecommandsn this file which might be usefull:

marshutter word Opensor closesa small shutterbuilt by PeterHiller which might be very helpfull
togethemwith theimageplatesystem.Word hasto bereplacedby openor close.

absomption Calculatesabsorptionvalues

filter_calibration This commanddoesanautomaticcalibrationof the filter bankwhich is actuallyin
useby changingthe intensitywith detuningthe monochromatoandmoving thefilters out of the
beamoneby oneatthe sametime. This commandmight notwork correctlyandis very primitive.
It shouldbereplacedassoonaspossiblewith a programnmwhich useshothfilterbanksinsteadof
detuningthe monochromator

filter_show_calibration bank Shaows if the filter bankwith numberbankhasbeencalibratedand if
thisis the caseshawvs thecalibration

filter_save_calibration filename Savestheactualcalibrationof bothfilter banksin a file namedfile-
name.Thisfile canlaterbeexecutedwith thegdofile commando regainthestoredvalues

4.11.11 hp_ubm.mac

hp_ubm.macaontainsmacroswhich allow you to do somecalculationsrelatedto the ub-matrix and
otherusefullstuf. Seesection4.9for details,all command®f this macroarelistedin the sectionwith
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the custommadecommands.Originally this macropackagewas intendedto work togetherwith the
rafin programwhich refinesUB matricesfrom a givenlist of reflectionsandprovide otherusefullthings
relatedto UB matrices.Unfortunatelyit wasnever finished. The only thingswhich areusableright now
is thethetaO commandbasedon anold fortran programfrom ThomasBrickel which helpsto setup a
UB matrixfrom two reflectiondor cubicsystemsandthehp_read_ubmcommandvhichis abletoread
outputfrom rafininto spec richt is a small programmto calculatethe positionsof reflectionswritten
by Oliver HermannSeeck{unfortunatelyin German).

4.11.12 hp_mar.mac

Themacrohp_mammacis apreliminarymacroto controlthe Mar ImagePlateScannewith specwritten
on November27th,2001during a beamtimeat the 6ID-D Side Station. It is notfully testedbut it was
working duringthatbeamtimeandit is only providing very limited supportof thefeaturesheMar Image
PlateScannenffers. Feelfreeto improveit.

Known bugs: Sometimes commands givenby specandnever reachegshe Mar ImagePlateScanner
Commandsretransferecby the programpackagesshwhich is one ore two timesa day not working
reliable.Also keepin mindthatthis packages only workingif thereis aworkingandcompatibleversion
including public andprivatekey infrastructureon the beamlineandimageplatecontrolcomputersDue
to changesn the operatingsystemsof the computerghe usedsshandscpcommandsnight have to be
modified.

Thereis oneimportantglobal variable: MAR_ON. If MAR_ON is greaterthen0 The small shutter
build by PeterHiller will be opendandclosedfor eachcountingcommand.

mar_show_settings Shaws the configurationof the Mar ImagePlatescannecontrolvariables.
mar_setup Configureghe Mar Imagescannecontrolvariables.
mar_execute Sendsacommando the Mar ImagePlateScanner
mar_wait_for_imageplate Waitsuntil acommands finishedon the Mar ImagePlateScanner

mar_read Readsanderaseghe Mar ImagePlateScannemandwaits until it is finishedandreadyfor
thenext exposure.

4.11.13 dw_shuttermac

dw_shuttemacwritten by Didier Wermeille containsthe commandsshutter word, idbshutter word,
idcshutter word andiddshutter word. They areusedto openthe shuttersword hasto bereplacedby
openor closeto openor closethe shuttey respectiely.
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4.11.14 dw_pv.mac

This macropackagewritten by JonatharangandDidier Wermeille providescommandgo move and
scanepicsvariablesthecommandsredescribedn sectiord.1.1.0nthe6ID-D SideStationaversionis
runningwhichautomaticallyexecuteghecommandovdefineif necessaryOnthe61D-B Main Stationif
oneof the PV macrosasksyou to executethe commandovconfigandyou do not wantto make changes
to the configuratiorfile it is sufficient to executethe commandovdefine

4.11.15 dw_escan.mac

In this macrowritten by Didier Wermeille the Escancommandprovided within the specpackagds
redefined During every enegy scanthe actualQ-positionat eachenegy will bewritten to the datafile.
Themacrosn hp_fio.maawill automaticallynoticethis changeandthe Q-positionsarealsowritteninto
thefio files.
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Data analysiswith spectra

Spectrais a beamlinecontrol and dataanalysisprogramwritten by ThorstenKracht from Hamhurger
Synchrotronstrahlursigbor at Deutscheglektronensynchrotrorit is widely usedat Institutefor Scat-
tering Methodsfor dataanalysisbecausét usesthe fio standartfor datafiles definedat Hamhkurger
Synchrotronstrahlursdgbor. Therefore,to keepthe compatibility with datataken at Hamturger Syn-
chrotronstrahlundabor it wasdecidedo implementSpectraasthe standartlataanalysigorogramat the
61D-D SideStation.

Spectrais installedon all unix mashinegelongingto the sidestation.It is not recommendedo useit
directly on the beamlinecomputer For usetogetherwith datacreatedat the 61D-D Side Stationthere
are the idduseraccountsat idefix.mu.aps.anl.g@nd marmu.aps.anl.go For usetogetherwith data
createdatthe 61D-B Main Stationtherearethe useraccountaseratidefix.mu.aps.anl.gandidbuserat
marmu.aps.anl.go

Spectras only runningwhena X-connectionis availablefor graphicsoutput. To startspectraenterthe
commandspectrain ary terminalwindow.

5.1 Getting spectrato run properly

WhenSpectras invoked it automaticallyreadsthefile spectra_ini.grdrom the actualdirectory If this
file is not presentt triesto readthe spectra_ini.grdile from thehomedirectoryof theuser In all of the
abore mentionedaccountsa spectra_ini.grdile is presenin the homedirectory Normally no changes
to thespectra_ini.grdile arenecessary

spectra_ini.graalls a file namedset_names.grarhich hasto be presentin the directoryfrom which
Spectrawas started. In this file it is definedwhich information of the scansis plotted and what the
filenamedo look for are.

To get spectrarunning this file hasto be adoptedto your setupof spec The first block in this file
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Monitor Ring Current Temperature Floureszence

Intensity [Counts] Current [mA] TIK] Intensity [Counts]
40000

13.7

8.0<10°

20000

4.0x10°

0.0x10°

Position [Units] Position [Units]
Date: Mon Mar 5 05:09:57 2001

Detector

Intensity [Counts]
Scan: /home/idduser/data/align04_856

Type: ascan tth 3 23 2000 10

8000 Ring cur.: 78.5167 Monitor: 756375.4
Temperature: 13.45116 Fluoreszence: 2345.189
Peak Int: 9116 Peak Pos : 3.73

4000 Integr. Int : 1849 Midpoint: 3.73361
FWHM: 0.0444 CMS: 12.7813
Q-Pos.: (4.88458 0.99378 0)

i ! WO TS e e _°9 " P
0 . Filter: 32.85 (0 mm Alu, Transmission: 1)

Energy: 100.646 keV sample time: 10

Position [Units]

Figure5.1: Examplefor a typical spectrapicture of a dataset. Here scanalign04_856.fiais shavn,
a 29 scanof a Si powder samplemeasuredt 100 keV. The detectorsignalis shavn in the lower left
corner the monitor signalandthe ring currentin the upperleft cornerandthe sampletemperaturend
for examplea fluorescenceneasuremertntheright. In additioninformationaboutthe scanin general,
the peakin the detectomwindow andaverageof the otherfor datasetsdisplayedareshavn.

containgdefinitionswhich enablegshe macroto accesshe datafiles createdduringthe beamtime.

store_zone = [[~ .data]] Givesthedirectorywherethefio filesarecopiedfrom thebeamlinecomputer
Pleasauseexactly this notation,~ marksthe homedirectoryof the usersoin this exampleit links
to /home/idduser/dataf idduseris the usernameRelative links arenot permitted.

filename="align04_" A filenameis assigned. Thus files namedalign04_xxx.fiowill be analysed
wherexxx is replacedby scan_numbewhich is only initialised in set_names.grand canhold
ary integernumber

get_zone= "specadm@muhex.mu.aps.anl.ga/export/home/spec/hp/data/ If afio file is notpresent
in thedirectorygivenhby store_zone&pectrariesto copy it from thedirectorygivenin get_zone.
Heretheformatis user@computer:directdrthe usualformatfor thescpcommand.

In additionfive moresymbolshave to be defined:
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detector = det
monitor = mon
current = cur
countera= coa

temperature = DegK_sample

This way theusercanchosewich informationis displayedn which window. The symbolshave to have
the exactnamegivenin this example,thanthe nameof a columnout of the specdatasetsis assigned,
for exampledet. If the symbolis not definednothingwill bedisplayedexcepta columnwith the same
nameexists in the specdatasets. Oncethesedefinitionsare madeat the beginning of a beamtime
normally no changesrenecessargary more.

5.2 Commandsusefull for data analysis

Spectras avery powerfull programmwith lots of possibilitiesto treatdata. But it takessometime to
getusedto its commandsThis shortmanualis in noway intendedo replacethe Spectramanualwhich
canbefoundonthe Hamhurger Synchrotronstrahlursigbor web pages In this sectionfour commands
will be explainedwhich allow even userswithout ary experienceto display and print their datato be
ableto checkthe progresof their measuremenuringthe experiment.

singlexxx displaysthe scanwith numberxxx as seenin figure 5.1. If no numberis given the scan
following thelastscandisplayedwill beshavn (single_plot_6idlgra).

multi xxx multi searcheghe harddisk for the highestscannumberandthanwaits for the next arriving
scan. Oncethis scanarrivesit is displayedand multi waits for the next scan. The programcan
be abortedby hitting the spacekey. It is only necessaryo supply a numberxxx if thereare
alreadyseveral thousandscanson the harddisk andyou do not wantthe programwastingtime
with finding thelastnumber If xxx is suppliedthe searchstartswith xxx (auto_plot_6idlgra).

hplot theactualcontentof the graphicwindow of Spectrds sendto thebeamlineprinter (plotit.gra).

settings Shaws the actualconfigurationwhich wasdonein set_names.grasdescribedn section5.1.
This commandalso shavs the statusof two more variables: yeslaserand nolaser The choice
of nameshashistoricalreasonslf thevariableyeslaseis defined(just assignary numberat the
commandlinefor exampleyeslaser=42¢very scandisplayedoy singleor multi will automatically
be printedon the beamlineprinter If nolaseris not defined(to revoke a definitiontype nolaser=
atthecommandine), a postscripffile will becreatedor eachscanwith the samenameandin the
samedirectoryof thefio files with extension“.ps” (settings_spec.gra).
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hilfe This givesa shorthelpandshavs somevariableghilfe_spec.gra).

after Thiscommandshouldnotbe calledby users.Thisis the macrowhich displaysthe scansandit is
calledby singleandmulti (after_spec.gra).

All thesecommandsare symbolswhich are definedin spectra_ini.gra. You can not make changes
directly to theseprogramsbecausen the computerdor dataanalysisthey are storedin the directory
/home/hupfeld/commoniou have to copy thesemacrogo a directoryof your choiceandmodify them
there. All you have to do afterwordsis to changehe symboldefinitionsin spectra_ini.graothatthey
arenow pointingto your directory Pleasedo not changethe spectra_ini.grdile in thehomedirectory
Copy it to yourdirectoryandmale thechangeshere.If you startSpectrarom your own directorywith
aspectra_ini.grdile presenthe onein the homedirectorywill not beread. Samerule appliesfor the
set_names.grfile.
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Using the image plate scannermar345

This sectionstill hasto bewritten. For a shortintroductionto the specsoftwarewhichis ableto operate
the marimageplatescannerautomaticallyseesection4.11.12.

6.1 Taking your data home
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Chapter 7

Alignement of the 6ID-D Side Station
monochromator

In this chapterthe generalprocedureo align the 6ID-D Side Stationfrom scratchis described.In this
chapteonly proceduresffectingequipmenbdf the 61D-D SideStationaredescribedBeforeary work is
doneonthesidestationit shouldbe assuredhatthe 61D-B Main Stationandits equipmentexspecially
thewhite beamslits andthe monochromatoarealignedproperly Warning! All alignemenprocedures
describedn this chaptershouldonly be executedby staf personafrom Forschungszentruriilich or
u-CAT, which hasbeentrainedto do so. This chapteris notintendedfor beamlineguests.When&er
thistext refersto white beammaskor filters therespectie equipmenbf the 61D-D SideStationis meant
andnot of the 61D-B Main Station.

In generalthe alignementof the 6ID-D Side Stationshouldbe performedin sameorderlike it is de-
scribedin this text. Nevertheless completerealignemenbf the beamlinemight not be necessarin all
cases.

Exspeciallythe alignemenbf the white beammask(section7.1) andthefilters (section7.2) is critical.
Any misalignemenbf thosetwo componentsanleadto a waterleak inside the UHV-vacuumof the
windowlessmainbeamlinewhich hasto be avoidedunderary circumstances.

7.1 Alignement of the white beammask

Thefirst stepsin the alignementprocesof the 61D-D Side Stationaredoneoptically with the fluores-
cencesreenof the 61D-B Main Stationmounteddirectly in front of the white beamstopof the 61D-B
Main Station. To make surethatno beamlinecomponentare destryed andthe fluorescenceareenis
not burnedby the white beamthe undulatorgaphasto be openedo at least40 mm sothatonly a few
Watt of power areproduced As a saftgy precausiorasktheflour coordinatorto setthelower limit of the
undulatorgapto 40 mm. Thatway the undulatorcannot be closedby accidentcausingseriousdamage
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to thebeamline.

Next putin the white beamstopin front of the white beammask. Remwe the spacerdeforeputting
in the screencontrolledby the 61D-B Main Stationcomputer The spacersiormally preventthe fluo-
rescencecreerfrom beinghit by the white beam.The camerdooking at the fluorescencareenhasto
berealignedbecausét normallylooksatthe monochromatid®eamof the 61D-B Main Station,whichis
25 mm above thewhite beam.

Now try to getthewhite beamthroughthe white beammask.Thefilters andthe monochromatoshould
be ata positionwherethey do notobstructthebeam(seetables7.1and7.2).

To align the white beammaskthe whole first monochromatochambercanbe moved horizontallyand
vertically with the two motorsm1_xandml_y,respectiely. The apertureof the entranceside of the
white beammaskis 10 x 20 mm? (vertically x horizontally),the beamis reducedo a maximalsizeof
2 x 4 mm?. The maskshouldbe alignedoptically with the help of the abore mentionediuorescence
screen.Warning! On the downstreamsideof the first monochromatochambeiis a standfor the beam
pipe. This beampipés directly attachedo the first monochromatochamberthereforethe standhasto
be disconnectedrom the beampipe beforethe m1_xor m1_ymotorsaremoved. To avoid unwanted
movementof thosemotoreghemotordriversarenormally switchedof. After alignemenbf themotors
you shouldconnecthe standto the beampipeandswitch of the motordriversagain.

7.2 Alignement of the filters

Position F5 F4 F3 F2 F1 | Hole
Filter empty | AICu | AlCu | Al Al
Oct2000| 86.85 | 68.85 | 50.85 | 32.85 | 14.85 | —4.0

Table7.1: Positionof the watercooledfilters in front of the monochromato(filter). Thereare5 filter
positions,1 empty 2 aluminiumfilter and2 aluminiumcoppercombinationsseperatedhy 1 mm. There
is anadditionalhole, wherethe beamcanpasshrough. The positionsin thelastline arefrom the surney
doneby PeterHiller in October2000.

Thefirst filter, a1 mm carbonfoil is directly attachedo the white beammasled and permanentlyin

the beam.In additioneithera 1 mm aluminiumfilter or a combinedl mm aluminium+1 mm copper
filter canbe moved into the white beamwith a filter changer(filter). To align the filter horizontally
the undulatorgapshouldbe openasdescribedn 7.1. The horizontalalignemenis doneoptically with

the motorfilter. Thefilter is not correctlyalignedif ary roundshape®f the beamareobsered on the
fluorescencescreen.The beamhasa squaredsize afterthe white beammask,assumingthatthe beam
profile is definedby the white beammask. This is the caseif thewhite beamslits in front of the Kohzo
monochromatorre wide open. Try to centerthe filter horizontally If thereis ary cut off obsered
vertically thefilters arenot mountedat the correcthight with respecto the white beammask.\Warning!
Do notproceed Ask PeterHiller or ThomasBriickel for advice.
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Warning! Underno circumstanceshouldthefilter be exposedo the white beamwith closedundulator
gapif notall filter positionshave beenalignedcorrectlyandoneof thefivefilter positionsis in thebeam
position. This mightleadto seriousdamageo thebeamlineandawaterleakinsidethe UHV vacuum.lt
is stronglyrecommendethatthe equipmenprotectionsystem(EPS)(seechapteB) is testedaftereach
realignemenof thefilters.

Warning! Underno circumstanceshouldthe first monochromatocrystalexposedto the white beam
with closedundulatorgapif thereis no aluminiumor aluminium-coppefilter in the beam.This might
leadto seriousdamageo thebeamlineanda waterleakinsidethe UHV vacuum.

7.3 Alignement of the first monochromator crystal

Position 1 2 3
Crystal (311) | (111) | (331)
October2000 | 150.90 | 102.70 | 55.305
March2001 | 150.65 | 102.55 | 55.6

Table7.2: Positionsof thecrystalsof thefirst monochromatofm1_xtal). Themaximumof 3 monochro-
matorcrystalsis implemented.The positionsin next lastline arefrom the surwey doneby PeterHiller
in October2000. The positionsin the lastline arefrom thealignementvith the x-ray beamfrom march
2001. To move thefirst monochromatocrystaloutof thewhite beammove 10 mmin positive direction,
for exampleif the(331) crystalis in the beamgo to position65.6.

Oncethewhite beammaskandthefilters arealignedthe #-angleandthe positionof thefirst monochro-
matorcrystalscanbe aligned. Warning! This procedurehasto be donewith openedundulatorgap. To
do sothefirst monochromatocrystalis driveninto thebeamusingmotorm1_xtaluntil roughlyhalfe of
thewhite beamis cut off. Thanmotormonuis useduntil the crystalis parallelto the beam.Thecrystal
is parallelto thebeamwhenarotationin positive aswell asin negative directionleadsto a larger cut off
of thewhite beamseenon thefluorescencacreen.

In the next stepthe horizontalpositionof the first monochromatocrystalhasto be aligned. To do this
usemotorml_xtalto determinghe positionwherethefirst monochromatocutsoff the completewhite
beamandthepositionwherethewholewhite beamcanpasghecrystal. Themeanof thesetwo positions
givesyou the positionwherethe crystalis alignedin the centerof thewhite beam.

This procedurenasto berepeatedor all threemonochromatocrystals.Whenthis is finishedthe fluo-

rescencesreenhasto be pulled out of the beamandthe spacerdave to be put backinto placesothat
the white beamcannothit the fluorescencareenarny more. In additionthe camerahasto berealigned
to look at the monochromatidbeamof the 61D-B Main Station,the positionis 25 mm above the white

beam.

The alignementproceduresequiringan openedundulatorgaparefinished,the 61D-D Side Stationis
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now ableto withstandthe full heatloadof the undulator All the following stepsshouldbe executed
for oneof the threemonochromatocrystalpairs. Onceonecrystalpair is fully alignedthe procedure
shouldberepeatedwo timesfor the othertwo monochromatocrystalpairs.

To proceedclosethe undulatorgapto avaluearound1s mmto 20 mm. The next taskis to find there-
flectedbeamfrom the first monochromatoon the fluorescencacreerbehindthe secondnonochroma-
tor. Thisfluorescencecreeris operatedhroughthe small TV-systempositionedcloseto the beamline
computer Thefluorescencscreercanbemovedin controlledby anelectromagnet.Thecamerds only
operatingwhile the correspondingwitch on the TV-systemis manuallyhold down. This is necessaty
becausdhe camerasooling systemis not sufiicientin vacuumsothe cameracanonly be operatedor
shorttime periods.

Move the secondmonochromatocrystalto a position, whereit is notin the beam(seetable 7.3 and
rotateit sothatit is parallelto thebeamthatmeansmove motormonuto 2 x . You shouldpositionthe
secondmonochromatochamber(motor montrar) someavherein the middle of therailsystem| usually
usedthevalue—2239.54. Usethecommandnono_calc_positiornto calculatethe positionof themotors
monu,mondandmontray.

Now thereflectedbeamfrom thefirst monochromatohasto be found. The fluorescencacreerbehind
the secondmonochromatohasto be put in and the cameraswitchedon. Look for the beama few
degreesaroundthe calculated? angleof the first monochromatorIf no beamis found, the chi angle
of the first monochromatoftmotorml_chi)hasto be changedn 0.5 degreestepsandthe searchhasto
berepeatedOncethe beamfrom the first monochromatocrystalhasbeenfoundalign with the motors
monuandml1_chithatit is easilyvisible in themiddlein thefluorescencescreen.

The next stepis to align the# angleof the secondnonochromatocrystal. Move motor m2_xtal until
roughly half of the beamis cut of by the secondmonochromatocrystal. This positionis of by several
millimetersfrom thepositionsgivenin table7.3,becaus¢hebeamfrom thefirst monochromatocrystal
is notin thecorrectpositionright now, thiswill bedonelater Now align ) rotationof the seconccrystal
in the sameway asdescribedn section7.3 for the first monochromatocrystal. But the alignedvalue
now correspondso two timesyour calculatedy value.

Now a precisealignemenbf themotorml_chihasto bedone.Move the beamup with this motoruntil
youseeasharpedgen thebeamprofilewhichis still cutoff by onehalf from thesecondnonochromator
Move m1_chiuntil this sharpedgeis in the middle of the beam.This sharpedgebelongsto the crystal
holderof the secondnonochromatocrystalandgivesyou the upperandlower endof the 5 mm wide
crystal. Now movethebeamdown andrepeatheprocedure After both positionshave beendetermined
move the beamto the meanof thetwo positions thisis thefinal positionfor m1_chi.

Finally + of thefirstmonochromatocrystalhasto bealigned.For thatreasoralignthesecondnonochro-
matorcrystal(motorm2_xtal)thatit cutsof exactly half of the beam.Now move the beamwith motor
monuafew hundretof adegreethatway thatit is still fully visible onthefluorescencscreerandalign
thesecondnonochromatoagainin the centerof thebeam.Now you cancalculatetherelationbetween
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movementof m2_xtalandmonu.Move m2_ xtalto thelastknown position(seetable7.3)andcalculate
whereyou have to move monuandmaove monuto this position. Thefirst monochromatocrystalis now
aligned,a fine tuning will be donelateron. On the fluorescencescreenthe direct beamfrom the first
crystalmight be seenon the edgeof the sreen.This is normalanddependn the positionof montrav.
If montray is closeto zero(it is notrecommendetb do the alignementt this position)the directbeam
shouldbefully visible atonesideof thefluorescencecreen.

7.4 Alignement of the secondmonochromator crystal

Position 1 2 3 4 5

Crystal empty | testcrystal| (311) | (111) | (331)
October2000 | 194.68 164.68 134.68 | 104.68 | 74.68
March2001 128.95 | 98.8 70.5

Table 7.3: Positionsof the crystals of the secondmonochromatom2_xtal). A maximum of 5
monochromatocrystalscanbe implemented.3 crystals,matchingthe crystalsof the first monochro-
matorareimplementedpnepositionis emptyandonetestcrystal((111)) is mounted.The positionsin
thenext line arefrom the surwey doneby PeterHiller in October2000. Thepositionsin thelastline are
from the alignementwvith the x-ray beamfrom march2001.

To find thereflectedbeamfrom the secondnonochromatocrystalis straightforward becauséehe fluo-
rescencacreeris very closeto thecrytsalandthereforet shouldonly benecessaryo scanmotormond.
Oncethebeamis foundthefluorescencecreercanbetaken outandthe beamshouldbe obserablein
the 6ID-D hutch.It might benecessaryo optimizetheundulatorgapto getsuficientintensityfrom the
diode.

If majorwork hasbeenperformed for examplethe secondnonochromatocrystalshave beenreplaced
it mightbenecessarjo eitherscanm2_ chito adjustthe heightof the beamor to move m2_ xtalto adjust
thehorizontalpositionof thebeam.In thesecondaseemembeto adjustmotormonuby thecalculated
dependencbetweermonuandm?2_ xtalasdescribedn section7.3.

Onceyou have beaminsidethe hutchscanmotor monuto make surethe maximumintensityis getting
through.Now thereis monochromatibeaminsidethe6ID-D Side Station.

Now the fine tuning of the crystal positionshasto be done. Make sureall slit systemsin front of

the first diodein the 61D-D hutchare completelyopendandall collimatorsareremored. Startmacro
mono_align_crysals This commandstartsa macrowhich measureshe beampositionon the second
crystalby changingd of the secondcrystaland doing a rocking scanwith the first crystal. Thatway

the bragganglefor thefirst crystalis determinedunderwhich the braggconditionfor both crystalsis

fullfiled andthe beamhits the secondcrystalin the center The dataof the performedscanshasto be

analysedxternally for examplewith the programmSpectra.
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The beampositionin the hutchcanbe alignedin a similar way. Positiona slit systemthat definesthe
beampositionn front of the pin diode.Now run scansvherethe positionof the secondnonochromator
crytal (motor m2_xtal)is moved by a few millimeter, adjustthe % value of the first monochromator
crystalaccordinglyanddo arocking curve with the secondnonochromatocrystal. Thiswill move the
beamhorizontallyinsidethe hutchthereforeit canbe movedto the positionit is supposedo be. After
this alignementmacromono_align_crysalshasto be repeatedo make surethe beamis still centered
onthesecondnonochromatocrystal.

This completeprocedurenasto berepeatedor the othertwo monochromatocrystalpairs.



Chapter 8

Equipment Protection System(EPS)

The equipmentprotectionsystem(EPS) protectsthe componentf the undulatorbeamline6ID of
damageby monitoringthe stateof all necessargomponents.Most of the componentselongto the
61D-B Main Stationor both stations. In this chapteronly a brief overvien of the componentof the
side stationwhich are protectedby the EPSis given. The EPSitself shouldonly be operatedby staf
personnathereforethis chaptelis notintendedo give anintroduction.

I:7/0 | O | Filter Position Filter Position

I:7/1 | 1 | LoveControllerl | Watercoolingfilter

I:7/2 | 2 | Love Controller2 | Watercoolingmask

I:7/3 | 3 | LoveController3 | WatercoolingMonochromatorrystall

I:7/4 | 4 | Love Controller4 | Temperatureglownstreansideof white beammask
I:7/5 | 5 | pressurggaugel | pressuranonochromatotank1

1:7/6 | 6 | pressurggauge? | notused

I:7/7 | 7 | pressurggauge3 | pressurenonochromatotank3

Table8.1: List of theinputsfor the EPS.Thefirst row shavs the internalnumberof the inputsusedby
the EPSComputer Theinputcontrollerusedfor the 61D-D SideStationequipmenhas32 channelsthe
channelsisedareshavn in the secondow.

In themomentthereareseveninputsto the EPSfrom the sidestatioraslistedin table8.1.

e Thefilter positionis checled to prohibit the white beamhitting and melting piecesof the filter
changerWheneer thefilters aremoved (Warning! This is only permittedwhile the beamshutter
is closed)the EPSwill trigger an alarmandthereforehasto be resetafterwords. This will be
changedn future programversions.In caseof analarmthe beamshuttewill beclosed.

¢ Thewaterflow ratesof the coolingof thewhite beammask filter andfirst monochromatocrystal
aremonitored.In caseof analarmthe beamshuttewill beclosed.

e The pressureof the first monochromatotank is monitored. In caseof an alarm the valves



46 Chapter8. EquipmentProtectionSystem(EPS)

aroundthe first monochromatotank will be closed. This automaticallytriggersthe closing of
thebeamshutter

e The pressureof the secondmonochromatotanl is monitored. A vacuumleak in the second
monochromatotank may causeproblemswith the movementof the secondmonochromator
chamberbecausehe flexible bellovs connectedo the secondmonochromatochambemight
bedamagedn thatcase.Thereforethe beamshutteis closedto alarmthe operator

B3:8/5 | B3/133 | fault_love side 1
B3:8/6 | B3/134 | fault_love_side_2
B3:8/7 | B3/135| fault_love_side_3
B3:8/8 | B3/136 | fault_love_side 4
B3:2/8 | B3/040| IG5_A_Fault

B3:2/9 | B3/041| Fault \Vac_side 2
B3:1/4 | B3/020 | Filter_Fault

Table8.2: Internally usedbinaryregistersby the EPScomputer

Thetables8.2and8.3areincludedfor completenestor the casethatchangego the EPSprogramhave
to bemadeby staf personal.

0:5.1/08| 0:5/024| Fault_love_S1 e
0:5.1/09| 0:5/025| Fault_love_S1_latch
0:5.1/10| 0:5/026| Fault_love_S2_he
0:5.1/11| 0:5/027| Fault_love_S2_latch
0:5.1/12| 0:5/028| Fault_love_S3_he
0:5.1/13| 0:5/029| Fault_love_S3_latch
0:5.7/10| 0:5/122| Fault_filter_lve
0:5.7/11| 0O:5/123| Fault_filter_latch
0:5.7/12| O:5/124| IG5_A_Fault_live
0:5.7/13| O:5/125| IG5_A_Fault_latch
0:5.7/14| 0:5/126| Fault vac_side2 lie
0:5.7/15| 0:5/127| Fault \ac_side2_latcH

Table8.3: Internally usedoutputregistersby the EPScomputer
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